The internal face of the detrusor smooth muscle wall of the urinary bladder is covered by a 2 mucosa, separating muscle from the hostile environment of urine. However, the mucosa is 3 more than a very low permeability structure and offers a sensory structure that monitors 4
Introduction 1
The urinary bladder has two functions: to store urine, up to 500 ml in the normal adult, and 2 to completely void its content when expeditious. Storage is associated with very little 3 increase of intravesical pressure and low bladder wall tension; whilst voiding occurs with a 4 sustained rise of pressure, sufficient to overcome outflow resistance, due to contraction of 5 detrusor smooth muscle. This two-state system is controlled by the central nervous system 6 but modulated by interaction between different cell types in the layers of the bladder wall. 7
In pathological conditions such as overactive bladder this on-off process may be disrupted 8 by uncontrolled activity that could elicit unpleasant sensations of urinary urgency or pain 9
and also contractions that may be powerful enough to cause involuntary loss of urine. It is 10 therefore important to understand how storage and voiding modalities of the bladder are 11 controlled to provide therapies that minimize these pathologies. 12
13

Structure of the bladder wall 14
The smooth muscle (detrusor) of the bladder wall is protected by an external serosa and on 15 the vesical face overlain by a mucosa that itself consists of a tight transitional epithelium 16 (urothelium), basement membrane and lamina propria (LP; Figure 1A ). The urothelium 17 itself is covered by a mucopolysaccharide glycocalyx that offers protection for the 18 urothelium from the hostile medium of urine. The urothelium is made up of three layers: a 19 basal cell layer attached to a basement membrane, an intermediate layer and a superficial or 20 apical layer composed of large hexagonal cells known as the "umbrella cells". An essential 21 function of the urothelium is to offer an effective barrier between urine and underlying 22 tissues, achieved by tight junctions between umbrella cells, severely limiting solute and 23 water movement across the barrier [1, 2] . Damage to the urothelium, evident on exposure to 24 noxious agents or associated with pathologies such as spinal cord injury [3] , are 25 accompanied by irritative lower urinary tract symptoms. However, the urothelium has 26 transport functions as evidenced by the development of a finite membrane potential, solute 27 and water movement and the presence of aquaporins, urea transporters, ion channels (eg 28 ENaC) and mineralocorticoid receptors [4] [5] [6] . Moreover, the different composition of urine 29 sampled from the bladder lumen and renal pelvis is consistent with post-renal urinary tract 30 salt and water exchange [7] . 31 32 4
The LP that separates the urothelium from the detrusor layer is composed of an extracellular 1 matrix containing interstitial cells, fibroblasts, adipocytes, afferent and efferent nerve 2 endings, blood vessels and, in some species including humans, a more ill-defined muscular 3 layer -the muscularis mucosae. The functional interaction of these different cells and how 4 they communicate with the urothelium and detrusor layers is crucial to understand how this 5 layer has essential roles to sense bladder filling as well as exert control over detrusor 6 contractile activity. 7
8
The detrusor layer itself constitutes the mass of the bladder wall and consists of smooth assumed, but also on the mucosa; secondly drugs with a mixed M2/M3 profile may be more 2 effective than selective M3 receptor antagonists. Certainly, antimuscarinic agents increase 3 cystometric capacity in patients with OAB, which can be explained by their action on storage 4 rather than solely on voiding mechanisms. 5 6 Stretch-induced prostaglandin (PGE2) release from the mucosa has also been measured and 7 may exert direct effects on detrusor contractile function or, via an EP1 receptor, enhance 8 local ATP release to increase afferent activation [28] . Moreover, a positive feedback process 9 is suggested by the ability of ATP to augment PGE2 release [29] . Urothelial cells contain the 10 enzymatic machinery to synthesise nitric oxide (NO) [30] and there is evidence that it 11 suppresses afferent nerve activity [31] . Increase of NO production, as occurs for example in 12 a cat model of bladder pain syndrome, is also associated with a loss of barrier function [32] 13 that in turn will augment afferent activity by allowing noxious components of urine more 14 direct access to suburothelial structures. spontaneous contractions of this layer with ageing [42] . 22
23
Functional interactions between the mucosa, detrusor and associated vasculature 24
There is also convincing evidence of mucosa-detrusor interaction in generating spontaneous 25 activity -the urotheliogenic theory. The most straightforward observation is that an in vitro 26 bladder wall preparation of detrusor and attached mucosa generates substantial 27 spontaneous contractions and these are dramatically reduced when the mucosa is removed 28 [43, 44] . This is complicated by the fact that an intact mucosa overlaying detrusor muscle 29 also exerts a tonic negative inotropic effect [45] . This complex interaction can be by 30 diffusion of mediators between the two layers or from a cellular interaction. The 31 observation that simply placing a mucosa layer over previously denuded detrusor restores 32 some contractile activity supports a role for a diffusive interaction. However, if this was the 33 sole mode of interaction it would be expected that the pharmacological profile of 1 spontaneous contractions would be solely determined by the phenotype of detrusor and this 2 is not the case. Apart from the opposite actions of capsaicin on mucosa and detrusor activity 3 (above), the same is true of P2Y receptor agonists such as ADP, UDP and UDP. These 4 agonists generally suppress or are at least neutral on detrusor function but they increase 5 mucosa activity [39] . Moreover they greatly enhance spontaneous contractions of bladder 6 wall preparations when mucosa and detrusor are attached [46] . Optical imaging 7 experiments that map intracellular [Ca 2+ ] and membrane potential propagated waves across 8 the bladder wall reveal not only that an intact mucosa required for such activity but it is 9 augmented by the above P2Y agonists. Moreover, these experiments also show that such 10 propagated activity is initiated in the sub-urothelium of the mucosa and actually propagates 11 to the detrusor -again augmented by P2Y agonists [46] . These mapping experiments also 12 suggest that local diffusion of agents is insufficient alone to explain mucosa-detrusor 13 interaction as the propagation velocity of such waves is too rapid and moreover too 14 extensive over the bladder wall and suggests cellular interaction is also likely. The relationship between suburothelial microvessels, interstitial cells and the urothelium 8 needs to be further studied. 9 10
Conclusions. 11
The mucosa lining the inner surface of the detrusor smooth muscle layer of the bladder has 12 crucial roles other than providing an essential barrier function to protect detrusor from the 
